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Pt-CeO2 Catalysts Synthesized by Glucose Assisted
Hydrothermal Method: Impact of Calcination
Parameters on the Structural Properties and
Catalytic Performance in PROX-CO
Diego R. Carvalho, Isaias B. Aragao, and Daniela Zanchet∗
Institute of Chemistry, University of Campinas–UNICAMP, C.P. 6154, 13083-970, Campinas, SP, Brazil
We synthesized Pt supported catalysts by the glucose assisted hydrothermal method, in which a
carbon template was used to form a porous CeO2 structure upon calcination. Special emphasis was
given to evaluate the influence of calcination parameters in the structural and textural properties of
the catalysts and the final impact in the catalytic activity of CO oxidation reaction under hydrogen rich
atmosphere (PROX-CO). We show that at 350 C the carbon matrix was already mostly burnt and
that higher temperatures and holding times mostly increase the CeO2 crystallite sizes. The sample
prepared at 350 C presented the highest surface area, 106 m2 ·g−1, in comparison to 60–70 m2 ·g−1
obtained for all other conditions. Transmission electron microscopy images of the catalyst calcined
at 600 C for 6 h showed 200 nm spheres formed by aggregation of ceria crystallites with crystalline
domains of about 20 nm. All samples showed similar catalytic activity in PROX-CO indicating that
the creation of the catalytic sites were mostly determined during the synthesis conditions and the
catalytic performance were not deeply affected by the differences on CeOx matrix.
Keywords: Platinum Catalysts, CeO2, Calcination, PROX-CO.
1. INTRODUCTION
Alternatives for energy production to provide both high
energy efficiency and low waste generation are currently
on demand. Among them, the polymer electrolyte mem-
brane fuel cell (PEMFC) has attracted visibility due to
its low operation temperature for portable and/or mobile
applications.1–4 The energy vector used in PEMFC is
hydrogen (H2), usually obtained from catalytic reforming
of hydrocarbons, alcohol and biomass.5–7 This H2 stream
carries large amounts of carbon monoxide (CO), which
is a poison for PEMFCs, requering a purification sec-
tor. One of the most appealing alternatives to decrease
the CO to acceptable levels (typically< 10 ppm) involves
its conversion to CO2 by preferential CO oxidation reac-
tion on hydrogen rich stream (PROX-CO). The typical
inlet stream of PROX-CO system is a rich mixture of H2
(>70%) with appreciable amounts of H2O (10–15%) and
CO2 (10–15%), besides CO (∼1%). As a consequence,
∗Author to whom correspondence should be addressed.
besides CO oxidation, reactions such as H2 oxidation,
water gas shift, and methanation may compete.8 A good
catalyst for PROX-CO has to exhibit high CO conversion
and high selectivity toward CO2. Therefore, it is necessary
to develop suitable catalysts for these reaction conditions.
Catalysts composed of noble metals, mostly gold and
platinum, supported in metal oxides have been largely
studied in the literature;9–14 rhodium, ruthenium, silver and
iridium supported catalysts have also been evaluated.1516
The temperature range for the PROX-CO reaction in
noble metal-based catalysts is typically between 80 and
200 C and platinum-based catalysts have received spe-
cial attention due to their excellent performance, with
high activity and selectivity in this range of temperature.
Marino et al.16 evaluated platinum, palladium and iridium
catalysts in PROX-CO reactions; while platinum and irid-
ium catalysts showed similar performance, they were bet-
ter than the palladium catalyst. Huang et al.17 observed
that platinum leads to lower methane production than
ruthenium.
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The supports for PROX-CO reaction may also have an
important role and can be grouped in two main groups:
reducible and non-reducible supports. Marino et al.18 stud-
ied the influence of several supports, such as CeO2, SiO2–
Al2O3, Al2O3, SiO2, La2O3 and MgO, in platinum-based
catalysts; these supports have different acidic, basic and
redox properties and the results showed that although
acidic supports enhanced the metal dispersion, CeO2 led
to higher CO conversion below 150 C.
The most used synthesis methods to produce noble
metal supported catalysts are still wet impregnation and
deposition-precipitation,19–24 but alternative methods have
been addressed, seeking for better catalysts. In particu-
lar, there is an increasing interest in synthesis methods in
which the metallic phase stays encapsulated in the support,
aiming to enhance the metal-support interaction and the
resistance against sintering of the metallic phase. Among
the methods for this purpose, stands out the synthesis of
core–shell structures and the sol–gel synthesis in which the
metal precursors are added during the gelation step.25–29
As a drawback, these methods usually lead to loss of
accessibility of the metal phase. A simple way to minimize
this problem is to add a light agent during the synthesis,
such as a carbon source, that is eliminated by calcination
creating accessible paths to the encapsulated metal phase.
One of the pioneering works using this approach was done
by Joo et al.27 when they synthesized Pt nanoparticles
encapsulated in SiO2. In their work, tetradecyltrimethylam-
monium bromide protected Pt nanoparticles were prepared
and encapsulated in SiO2; the material was calcined to
remove the capping agent creating pores in the SiO2 shell
and providing accessibility to the metal core. Qi et al.,25 on
the other hand, used the hydrothermal method assisted by
glucose to synthesize Au–CeO2 catalysts; in this synthesis
method, the metal and oxide precursors were mixed with
glucose and subjected to hydrothermal treatment form-
ing a material composed by carbon (∼70 wt%), dispersed
metal phase, and oxide support. The elimination of the
carbon matrix led to the formation of spheres with a meso-
porous structure containing the metal phase. The interparti-
cle mesoporosity of the CeO2 spheres allowed the reagents
to access the embedded Au phase and good results in CO
oxidation reaction were demonstrated. Despite the appar-
ent crucial role played by the elimination of the carbon
matrix in the textural properties of this type of catalyst,
there is a lack of studies about the calcination step and
its impact in the textural properties of the final catalysts.
Here, we present the results where the hydrothermal syn-
thesis assisted by glucose was used to obtain Pt-CeO2 cat-
alysts of interest for PROX-CO reaction. Special emphasis
was done to evaluate the impact of the calcination con-
ditions to the formation of the CeO2 porous support and




Catalysts synthesis was adapted from the literature,25 vary-
ing the amount of reactants and nature of the metal pre-
cursor. Two solutions were prepared:
(i) a solution containing 0.66 g of urea (Aldrich) and
0.52 g of CeCl3 ·7H2O (Aldrich) in 26 g of water,
(ii) a solution containing 2.8 g of glucose (Aldrich),
45.0 g of water and 1.35 mL of a 10 mmol ·L−1 aque-
ous solution of K2PtCl4 (Aldrich); they were left stirring
for 15 min separately. The first solution was slowly added
to the second solution containing the platinum precur-
sor under stirring and the final solution was left stirring
for another 15 min. The Pt:Ce molar ratio was ∼0.01
(1 wt% Pt-CeO2). The final solution was transferred to an
autoclave with an internal teflon vessel of 100 mL and
kept at 160 C for 20 h. After cooling, the final solid was
vacuum filtered and dried at 100 C for 12 h; this dried
sample was named C-Pt/Ce and used to evaluate the influ-
ence of calcination temperature and holding time, Table I.
All samples were calcined under 100 mL ·min−1 of air
and heated at 1 C ·min−1 to the final temperature. The
catalysts were named Pt/CeX-Y , where X is the final tem-
perature and Y is the holding time, after achieving the final
temperature.
2.2. Catalyst Characterization
Thermogravimetric analysis (TG) and X-ray diffraction
(XRD) were used to monitor the carbon matrix burning
and the formation of CeO2 crystalline phase in all samples.
The weight loss profiles of the C-Pt/Ce sample under dif-
ferent conditions were obtained in a TA Instruments SDT
Q600 under 100 mL ·min−1 of air. The sample was heated
up to 1000 C at 10 C·min−1 to evaluated the main weight
loss events. Then, additional experiments were performed
to evaluate the calcination protocols, using similar condi-
tions to the ones described in Table I. XRD patterns were
obtained in Shimadzu XRD 7000 diffractometer operating
at 40 kV and 30 mA and the patterns were recorded from
20 to 90 at 2.0 ·min−1.
The final platinum contents in all catalysts were
experimentally confirmed by X-ray fluorescence
Table I. Calcination conditions evaluated in this work. Ramp
1 C ·min−1 .









Note: ∗After reaching the final temperature.
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spectroscopy (XRF) in a Shimadzu XRF 1800 spec-
trophotometer operating with a Rh source. Samples were
prepared as pellets to obtain a better homogeneity of the
analyzed surface.
Selected samples (Pt/Ce350-0, Pt/Ce350-6, Pt/Ce600-0
and Pt/Ce600-6) were also evaluated by N2 adsorption–
desorption isotherms and transmission electron
microscopy (TEM) to address in more detail their textural
properties. N2 adsorption/desorption data were measured
in a Micrometrics ASAP 2020, in which approx. 0.20 g of
each sample was pre-treated at 200 C for 2 h under N2
prior the analysis. TEM images were obtained in a JEOL
TEM-MSC 2100 200 KV at the Brazilian Nanoscience
and Nanotechnology Laboratory–LNNano, Campinas,
Brazil.
Fourier Transformed Infrared (FTIR) spectra were col-
lected in an Agilent Cary 630 spectrophotometer using
an attenuated total reflectance accessory (ATR). UV-Vis
spectra by diffuse reflectance were acquired in an Agilent
Cary 5000 spectrophotometer using the support (CeO2 as
a blank.
Temperature programmed reduction (TPR) was mea-
sured in a Micromeritics AutoChem 2920 instrument
equipped with a TCD (Thermal Conductivity Detector).
Before the measurements, the samples were pre-treated
under N2 flow at 200
C and kept at this temperature for
1 h. They were cooled down to 50 C, N2 was replaced by
5% H2 in He, and heated to 1000
C at 10 C ·min−1. H2
was quantified using a calibration curve built using CuO2
as a standard.
2.3. Catalytic Activity
PROX-CO reactions were performed in a vertical tubular
quartz reactor loaded with 50 mg of catalyst diluted on
150 mg of quartz powder under 100 mL ·min−1 of 1 vol.%
CO, 1 vol.% O2, 70 vol.% H2 and He for balance. The
gas effluent was analyzed by gas chromatography (Agilent
7890A GC) equipped with two capillary columns (an HP-
Plot Q column, to separate CO2 from the gas mixture, and
an HP-Plot MoleSieve column, to separate O2, N2, CO and
H2. Before the reaction, the catalyst was reduced in situ
under 30 mL ·min−1 of H2 at 400 C for 1 h and cooled
down to room temperature under the same atmosphere.
The reaction was performed in the temperature range of
50–200 C and CO conversion (XCO, O2 conversion (XO2
















3. RESULTS AND DISCUSSION
In the hydrothermal method assisted by glucose, metal and
oxide precursors are mixed with glucose forming a powder
sample composed by sub-micrometric particles in which
the major component is carbon (∼70%).25 Therefore, the
first step to design the Pt-CeO2 catalysts was to better
understand the impact of the calcination step on the textu-
ral and structural properties of the final catalyst. Figure 1
shows the overall weight loss profile obtained by TG anal-
ysis of the C-Pt/Ce sample. The first event below 100 C
was due to the elimination of water and corresponded to
∼10% of the weight loss. On the other hand, the main
weight loss, associated to the carbon matrix, took place
between 200–400 C, corresponding to 70–80% of the ini-
tial weight.
The formation of carbon spheres from glucose involves
the glucose polymerization during the hydrothermal treat-
ment where the core is formed by condensation of aromat-
ics groups and the surface contains hydroxyl groups (–OH)
and carbonyl groups (–C=O).30 Hence, the first two main
events of weight loss observed between 200 and 350 C,
better identified through the derivate curve in Figure 1,
could be assigned to the loss of surface groups and degra-
dation of polysaccharides. They were followed by the third
main event between 350 and 400 C, assigned to the core
burning. It is worth pointing out that the observed tem-
perature of the core elimination was lower than the values
typically found in the synthesis of hollow oxide struc-
tures (CeO2, TiO2, CoO, NiO) synthesized by a similar
method.31 While in the synthesis of hollow structures the
carbon spheres are used as template and are covered by
the metal oxide layer, in the C-Pt/Ce sample the oxide
nuclei were dispersed in the carbon matrix, which favored
the oxidation and burning of the carbonaceous material at
lower temperatures.
Based on this TG result, the C-Pt/Ce sample was sub-
jected to different calcination conditions, described in
Table I. In detail, TG data (Table II) showed that at
low temperatures, 250 C, the weight loss progressed
slowly with time indicating an incomplete burning even
after holding at the final temperature for 6 h. In contrast,
Figure 1. TG analysis showing the weight loss profile of the C-Pt/Ce
sample up to 1000 C (10 C min−1.
J. Nanosci. Nanotechnol. 18, 3405–3412, 2018 3407
IP: 5.10.31.210 On: Wed, 09 Sep 2020 03:07:58
Copyright: American Scientific Publishers
Delivered by Ingenta
Pt-CeO2 Catalysts Synthesized by Glucose Assisted Hydrothermal Method Carvalho et al.
Table II. Weight loss and crystallite size domains (obtained by the
Scherrer equation) at different calcination conditions.









at 350 C and higher temperatures, a complete elimination
of the carbonaceous matrix occurred. This was confirmed
by IR spectroscopy (Fig. 2); the IR spectrum of C-Pt/Ce
showed a broad band between 2000 cm−1 and 1000 cm−1
assigned to overlapping C–O bond vibrations as found
typically for carbon materials derived from glucose.30 Its
intensity was significantly reduced for samples calcined
above 350 C region, in accordance with TG analysis. The
weak remaining signal could be attributed to the forma-
tion of carbonate species on the CeO2 surface (bands at
1520 and 1320 cm−1) due to the adsorption of CO2 from
atmospheric air.
Elemental analysis confirmed that Pt loading in the
C–Pt/Ce sample was 0.9 wt%, close to the nominal value.
In this sample, no XRD peaks could be identified and
the predominant scattering arose from the amorphous car-
bon matrix (inset Fig. 3(a)); on the other hand, all the
calcined samples showed diffraction profiles matching the
CeO2 fluorite structure (JCPDS No. 34-0394). No peak
related to platinum crystalline phases (either PtO2 or Pt)
could be detected indicating that the platinum stayed well
dispersed in all samples. This result contrasted with the
case of Au@CeO2 catalysts
25 where the formation of Au
nanoparticles were identified and will be discussed later.
By increasing the temperature and holding time all
peaks became narrower, indicating changes in crystallite
size as estimated by the Scherrer equation (Table II). It can
be observed that the sample calcined at the lowest tem-
perature/holding time (Pt/Ce250-0) showed the smallest
Figure 2. FTIR spectra of fresh sample (C-Pt/Ce) and calcined samples
(Pt/Ce350-0, Pt/Ce350-6, Pt/Ce600-0 and Pt/Ce600-6).
Figure 3. XRD patterns of Pt/Ce samples: (a) t = 0 h (at the beginning
of the isotherm) and (b) t = 6 h (holding time at the final temperature).
Inset in (a): C-Pt/Ce sample.
crystallite size (5.7 nm). In contrast, the sample cal-
cined at the highest temperature/holding time (Pt/Ce600-6)
showed the largest domain size (12.1 nm). TEM images
obtained for the Pt/Ce600-6 sample showed that the mate-
rial was formed by spherical aggregates of small crystal-
lites (<20 nm); these aggregates had diameters of the order
of ∼200 nm (Fig. 4). This morphology was in agreement
with the crystalline size derived by XRD and was similar
to those obtained for Au@CeO2 catalysts.
25 It is impor-
tant to note that the presence of glucose is essential to
the formation of these large spherical aggregates of CeO2.
Mai et al.32 synthesized CeO2 nanoparticles with different
Figure 4. TEM images of Pt/Ce600-6. Note that the formation of large
spherical aggregates of small CeO2 crystallites.
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shapes by hydrothermal synthesis at similar temperatures
but in high alkaline medium and absence of glucose; while
the materials exhibited similar crystalline domain sizes
(10–15 nm), the final particles have anisotropic morphol-
ogy, like rods and cubes, and were more compacted.
Figure 5 shows the N2 adsorption/desorption isotherms;
the samples calcined at 250 C were not further analyzed
due to the incomplete burn of the carbon matrix. All sam-
ples analyzed exhibited type II isotherms, typical of non-
porous materials, with sharp increase in adsorbed volume
at high relative pressures in accordance with the pres-
ence of interparticle mesopores. These mesopores were
disorganized and corresponded to the spacing between the
ceria crystallites that formed the large spherical aggregates
observed in TEM images. As a consequence, they were
related to the size and shape of the ceria crystallites and
the mechanism of aggregation.33 Table III shows the tex-
tural parameters. As expected, the specific surface area
decreased with temperature and holding time due to the
growth of CeO2 crystallites, as seen by XRD. The largest
value obtained for the Pt/Ce350-0 sample might indicate
the presence of residual carbon (due to its higher sur-
face area, even a small percentage of residual carbon can
impact in the surface area). The pore volume and average
pore diameter were similar for all samples.
UV-Vis spectroscopy was used to get information about
the platinum phase in these materials. Figure 6 shows
the corresponding UV-Vis spectra. These spectra were
Table III. Textural properties: Specific surface area (SBET), mesopore
volume (Vp) and average pore diameter (Dp).
SBET Vp (BJH) Dp
Samples (m2 ·g−1 (cm3 ·g−1 (Å)
Pt/Ce350-0 106 0.13 6
Pt/Ce350-6 60 0.11 8
Pt/Ce600-0 72 0.11 8
Pt/Ce600-6 63 0.11 8
acquired using CeO2 as blank, thereby only the platinum
contribution was observed.34 All spectra were similar
and showed one broad band around 450 nm assigned to
d–d transition in PtO2.
34 Based on these results and the
literature35–37 some conclusions about the evolution of plat-
inum oxidation state during the production of the catalyst
could be drawn. At the beginning of the hydrothermal
synthesis, platinum has an oxidation state of +2, in the
form of PtCl−24 . The glucose is a reducing agent when in
alkaline medium (in our case promoted by urea) (Eq. (4))
and has been widely used in the synthesis of gold,3839
silver,40 and copper41 nanoparticles, for example. However,
it is not strong enough to reduce platinum atoms at room
temperature37 but can be used to produce Pt nanoparticles
at 100 C.3536 Considering that the hydrothermal treatment
was performed at 160 C, Pt nanoparticles were likely
formed at this stage. During the calcination, the material
was exposed to oxidizing atmosphere at high tempera-
tures, and it has been shown in the literature that platinum
Figure 5. Adsorption (full symbols)/desorption (open symbols) N2 isotherms: (a) Pt/Ce600-0, (b) Pt/Ce600-6, (c) Pt/Ce350-0 and (d) Pt/Ce350-6.
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Figure 6. UV-Vis spectra obtained by diffuse reflectance.
nanoparticles (2–6 nm) supported on cerium oxide undergo
oxidation to PtO2 when heated treated above 450
C.42
This is in agreement with the UV-VIS results which
showed the band features of Pt+4. Finally, just before the
reaction, the catalyst was activated under H2 and changes
in the oxidation state of Pt and Ce are expected; this was
studied by TPR and is further discussed below.
(4)
Figure 7 shows the H2 consumption of the catalysts
during the TPR. All samples showed similar profiles that
could be roughly divided in two regions. In the first
region, from 100 to 600 C, the main hydrogen consump-
tion was assigned to reduction of Pt ions and superfi-
cial CeOx species. Considering full reduction from Pt
4+ to
Figure 7. TPR profiles of the catalysts.
Table IV. H2 consumption calculated from TPR, considering two dif-
ferent temperature ranges and the ratio between them.
H2 consumption (mmol H2 ·g−1cat 
1st region 2nd region
Catalysts (100–600 C) (600–1000 C) Ratio (1st/2nd)
Pt/Ce350-0 0.58 0.72 0.80
Pt/Ce350-6 0.53 0.69 0.77
Pt/Ce600-0 0.39 0.70 0.56
Pt/Ce600-6 0.37 0.78 0.44
Pt0, the maximum hydrogen consumption would be about
0.10 mmol H2 ·g−1cat , which is smaller than the experimental
values showed in Table IV. These results confirmed that,
within this temperature range, the surface reduction of
CeOx species also occurred. In the second region, above
600 C, the consumption was assigned to the bulk reduc-
tion of cerium. It is well established in the literature that
the reduction of surface species on bare CeO2 occurs from
400 to 600 C; however, in the presence of metals, this
reduction is typically observed at lower temperatures due
to the metal-support interaction and hydrogen spilled-over
from the metal to the support.43
Among the samples, Pt/Ce300-0, Pt/Ce350-6 and
Pt/Ce600-0 showed similar TPR profiles, with two distinct
events in the low temperature range and similar consump-
tions above 600 C (Table IV). The Pt/Ce600-6 catalyst,
on the other hand, showed a broad event below 600 C
(that might be an overlap of the two events detected in the
other samples) and a hydrogen consumption slightly higher
above 600 C. The occurrence of two events at low tem-
perature may indicate the presence of two different CeOx
species: CeOx species directly bonded to Pt atoms, reduc-
ing at lower temperatures19 (in the 100–300 C range),
and superficial CeOx species, reducing at mild conditions
(in the 300–600 C range). We cannot rule out, however,
the existence of an amorphous-like phase of CeOx , not
detected by XRD, which could also be reduced in this
temperature range. The smaller H2 consumption in the
1st region (Table IV) for the Pt/Ce600-0 and Pt/Ce600-6
may be related to the more ordered CeOx phase, induced
by the high temperature of calcination. Indeed, the ratio
between the hydrogen consumptions in the two tempera-
ture ranges (Table IV) gave interesting insights about the
catalysts in which samples calcined at lower temperature
or shorter times present higher values. The ratio between
the two regions of reduction correlated with the amount
of Ce atoms on the surface and in the bulk and, conse-
quently, with particle size. For Pt/Ce350-0 and Pt/Ce350-6
the ratios were similar (0.80 and 0.77) which was coher-
ent with their crystalline domain sizes (6.3 and 6.6 nm).
The ratios for Pt/Ce350-0 and Pt/Ce350-6 were larger than
the ratios observed for Pt/Ce600-0 and Pt/Ce600-6 (0.56
and 0.44), which correlated well with their bigger crys-
talline domains (10.9 and 12.1 nm). This was a direct
3410 J. Nanosci. Nanotechnol. 18, 3405–3412, 2018
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Figure 8. (a, c) CO conversion (XCO) (squares) and O2 conversion (XO2 ) (circles) for the selected catalysts under PROX-CO conditions and (b, d)
corresponding CO2 selectivity (SCO2 ).
consequence of the calcination conditions on the crystall te
size and reducibility of CeO2.
Finally, these samples were evaluated for PROX-CO
reaction (Fig. 8). Despite the differences related to the
structural and the textural properties of CeO2, all tested
samples presented similar catalytic performances, with
maximum of CO conversion between 75 and 80% at tem-
peratures in the range of 90 to 100 C. These results sug-
gest that the differences found in specific surface area, the
CeO2 crystalline domains, and the overall reduction pro-
files did not determine the catalytic activity; this would be
in accordance with the most accepted mechanism proposed
for PROX-CO catalyzed by Pt/CeO2, where the reaction
occurs mainly at the metal-support interface.344445 The O2
conversion and selectivity to CO2 for all samples showed
similar profiles: When the CO conversion reached its max-
imum it was accompanied by a decrease in CO2 selectiv-
ity. This could be associated to the dominant CO coverage
at low temperature that decreased at higher temperatures,
favoring H2 adsorption/activation and, consequently, low-
ering the CO2 selectivity.
22 The lack of dependence with
CeO2 surface area was also in agreement with the work
by Marino et al.;18 they studied Cu–CeO2 catalysts pre-
pared by wet impregnation with different specific surface
areas and established that this parameter did not affect the
catalytic performance in PROX-CO. Considering 1 wt%
Pt loading and the limit of 100% metal dispersion, the
platinum atoms would occupy less than 10% of the CeO2
surface area (considering 60 m2 ·g−1). Therefore, it seems
that the creation of the Pt-CeOx interfacial sites was the
main factor affecting the catalytic activity, as found, for
example, in other Pt-CeOx catalysts.
45 In our samples, the
initial interaction of the Pt and Ce precursors in the reaction
medium containing glucose was likely to rule the creation
of these interfacial sites, and the calcination conditions,
although affecting the ceria structural and textural prop-
erties, did not have a significant impact in the catalytic
activity.
4. CONCLUSION
In this work we explored the hydrothermal synthesis
assisted by glucose to produce Pt-CeO2 catalysts of inter-
est in PROX-CO reaction. The calcination procedure for
these materials is of utmost importance for the forma-
tion of the mesoporous structure of CeO2. We found that
both temperature and holding time at isotherm condi-
tions favored the increase of the CeO2 crystalline domains,
from ∼6 nm at 250 C and no holding time to ∼12 nm
at 600 C and holding time of 6 h. These parameters
also affected the surface area that decreased for calcina-
tions at higher temperature or holding time. At 250 C,
the carbon matrix was not totally eliminated and the
results showed that calcination at 350 C and no hold-
ing time optimized the time and led to an active catalyst
with the smallest CeO2 crystalline domains. Interesting,
the catalytic performance in PROX-CO were similar to
J. Nanosci. Nanotechnol. 18, 3405–3412, 2018 3411
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catalysts obtained at higher temperatures and holding
time indicating that the available catalytic sites were not
deeply affected by the modifications of the ceria matrix
induced by the different calcination conditions. These
results pointed out that the catalytic performance was
mostly determined by metal-support interfacial sites, likely
originated during the synthesis conditions, and that a mild
calcination was sufficient to remove the carbon matrix and
to produce an active catalyst.
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